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(54) Solid state polymerization of PET flakes 

(57) A process for preparing a PET flake mixture for 
use in connection with the fabrication of high perform- 
ance plastic strapping comprises the steps of initially 
collecting post consumer and non post consumer PET 
materials having an initially wide range of relatively low 
intrinsic viscosity (IV) values with a relatively low aver- 
age intrinsic viscosity (IV) value, and processing the 
same through solid state polymerization (SSP) so as to 
obtain a wide range of relatively high intrinsic viscosity 
(IV) values with a relatively high average intrinsic vis- 
cosity (IV) value. The initially collected materials are 
chopped into flakes and chunks, and the chunks are re- 
moved by a suitable destoner so as to render the re- 
maining mixture comprised substantially entirely of flake 



materials or segments. This is advantageous because 
the flake segments, as opposed to the chunk segments, 
are able to be substantially increased in intrinsic viscos- 
ity (IV) values and within a relatively short period of time, 
and in addition, the flake segments are essentially crys- 
talline while the chunk segments are essentially non- 
crystalline which would otherwise undergo rapid crys- 
tallization and generate a substantial amount of heat of 
crystallization. Such heat of crystallization undesirably 
raises the temperature of the polymerization process 
whereby the materials tend to become sticky and ag- 
glomerate thereby impeding the flow of the materials be- 
ing processed as well as tending to clog components of 
the processing apparatus. 
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Description 

[0001] The present invention relates generally to the 
solid state polymerization (SSP) processing of polyeth- 
ylene terephthalate (PET) material, as well as the ma- 5 
terial produced by such process, and more particularly 
to the solid state polymerization (SSP) processing of 
post-consumer and non-post-consumer polyethylene 
terephthalate (PET) material, especially for use in con- 
nection with the fabrication or manufacture of high - per- * o 
formance strapping, as well as the high performance 
strapping produced by such process. 
[0002] Post-consumer polyethylene terephthalate 
(PET) which is primarily provided by or derived from 
plastic soft drink bottles, can be readily obtained from 15 
material recovery facilities. Such material exhibits rela- 
tively low and heterogeneous intrinsic viscosity (IV) val- 
ues, and in the past, this characteristic has prevented 
PET from being directly used to produce products, such 
as, for example, high-performance plastic strapping, 20 
which in fact require relatively high and homogeneous 
intrinsic viscosity (IV) values. It was one of the discov- 
eries of the invention disclosed in EP-A-0856537 that 
such heterogeneity of the intrinsic viscosity (IV) values 
of the PET material did not in fact adversely affect the 25 
production of high performance strapping, and the 
present invention comprises a further improvement up- 
on the processing of such PET material. 
[0003] In accordance with prior art processing tech- 
niques, the PET material, whether post consumer and/ 30 
or non post consumer material, was initially chopped in- 
to flakes and chunks, and the flakes and chunks were 
extruded into pellets. The chopped PET material had a 
relatively low and wide range of IV values because the 
various soft drink bottles, for example, were manufac- 35 
tured by different companies using different materials 
exhibiting different IV values. The IV values were typi- 
cally within the range of 0.65-0.80 dl/g. In accordance 
with such prior art processing techniques, it was further 
believed that in order to make a high performance prod- <o 
uct, such as, for example, high performance plastic 
strapping, from such post consumer PET materials, it 
was necessary that the materials exhibit or achieve a 
relatively high and narrow range of IV values after the 
solid state processing which therefore required, as an 45 
initial step, the pelletizing of the flakes before com- 
mencement of the solid state polymerization. When the 
PET pellets are then subjected to solid state polymeri- 
zation (SSP), the pellets would have their IV values 
raised and exhibit a relatively high and narrow range of 50 
IV values whereby such enhanced pellets could then be 
used to produce high performance products, such as, 
for example, high performance strapping. 
[0004] As noted herein above, in accordance with the 
noted prior art processing techniques, the prior art solid 55 
state polymerization (SSP) of the PET materials com- 
menced with pellets of uniform geometry. Such prior art 
solid state polymerization (SSP) of the pellets, however, 



required an inordinate amount of time, that is, approxi- 
mately twelve to nineteen hours, to complete in order to 
produce the desired strapping, and it was not appreci- 
ated, until the invention disclosed within the afore noted 
EP-A-0856537 that a heterogeneous mixture of flakes 
and chunk-like PET materials could undergo direct solid 
state polymerization, without necessarily being initially 
pelletized, to the same or higher average IV values as 
those of the prior art pellets and in a significantly faster 
manner, that is, upon the order of one quarter the time 
required for the solid state polymerization of the pellet 
materials. 

[0005] More specifically, while the resulting prior art 
strapping exhibited average IV values, which were not 
greater than 0.90 dl/g, high performance plastic strap- 
ping fabricated in accordance with the processing tech- 
niques disclosed within the afore noted EP-A-0856537 
exhibited average IV values which were greater than 
0.90 dl/g. Therefore, in accordance with the teachings 
of EP-A-0856537 high performance plastic strapping 
could be commercially manufactured in an economical 
manner using PET materials, having a relatively wide 
distribution of IV values, and as a result of undergoing 
solid state polymerization directly from flaked materials 
which do not have to be initially pelletized. 
[0006] While the solid state polymerization process- 
ing of PET flake materials, and the production of the re- 
sulting high performance plastic strapping, as disclosed 
in EP-A-0856537 has been quite successful and has re- 
sulted in the production of highly suitable plastic strap- 
ping, it has been discovered that the process can be fur- 
ther improved from an efficiency and material flow 
through production basis with decreased production 
downtime. For example, when the PET materials, which 
are to be used are in fact derived from plastic soft drink 
bottles, it has been discovered that as a result of the 
blow-molding manufacturing techniques attendant the 
fabrication or manufacture of soft drink bottles, the re- 
cycled PET bottles comprise essentially two different 
types of materials, that is, substantially crystalline wall 
sections and substantially non-crystalline neck sec- 
tions. 

[0007] It is known, for example, that temperature con- 
trol of the solid state polymerization (SSP) process is 
critical if the temperature level of the solid state polym- 
erization process is too low, the polymerization reaction 
will be too slow, while if the temperature level of the po- 
lymerization process is too high, the chips will melt or 
soften and thereby form clumps which will clog or jam 
the feeders or other components of the processing 
equipment. Since the wall portions of the recycled soft 
drink bottles are essentially crystalline, they react quick- 
ly within the solid state polymerization unit so as to de- 
sirably increase the molecular weight or intrinsic viscos- 
ity (IV) of the PET batch or charge, however, since the 
neck portions of the recycled soft drink bottles are sub- 
stantially non-crystalline, they react quite slowly, if at all, 
within the solid state polymerization process in connec- 
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tion with the build-up or enhancement of the molecular 
weight or intrinsic viscosity properties of the PET mate- 
rials being processed. Consequently, it is desirable from 
a processing efficiency point of view to have the batch 
or charge of PET materials within the solid state polym- 5 
erization vessel to comprise more of the crystalline wall 
sections of the recycled PET materials than the non- 
crystalline neck sections of the recycled PET materials. 
In addition, and even more importantly, such non-crys- 
talline neck portions or segments of the PET materials 
will crystallize rapidly within the polymerization process- 
ing vessel thereby emitting a significant amount of heat 
of crystallization. This heat of crystallization can be large 
enough to undesirably raise the temperature level of the 
process within the solid state polymerization vessel 
such that the PET materials tend to become sticky and 
agglomerate thereby forming clumps or chunks which 
will impede the flow of the materials within the polymer- 
ization vessel as well as clog or jam the various vessel 
components. 

[0008] A need therefore exists in the art for effectively 
dealing with non-crystalline portions of recycled PET 
materials whereby, for example, such non-crystalline 
portions or segments of the recycled PET materials can 
be effectively removed from the batch or charge of PET 
materials to be fed into the solid state polymerization 
vessel such that processing or flow-through problems 
of the materials attendant temperature excursions, 
which would otherwise develop as a result of the rapid 
crystallization of such non-crystalline materials within 
the polymerization vessel and the consequent genera- 
tion of a significant amount of heat of crystallization, 
would be obviated, and in addition, the processing effi- 
ciency of such recycled PET materials, and the resulting 
fabrication of high performance strapping from such 
PET materials, can be effectively enhanced. 
[0009] Thus the present invention provides a new and 
improved solid state polymerization (SSP) process, for 
processing PET flakes into high performance plastic 
strapping, which enhances the operational efficiency of 
the process by only using the more desirable crystalline 
flake components derived from the wall sections of the 
recycled PET materials whereby the solid state polym- 
erization vessel facilities are optimally utilized so as to 
produce solid state polymerized materials which exhibit 
desirably high IV values, and the temperature level of 
the process is properly controlled so as to eliminate ag- 
glomeration and clumping of the materials which would 
otherwise cause flow through problems of the batch or 
charge materials as well as clogging and jamming of the 
equipment components which would therefore result in 
production downtime of the equipment and increased 
maintenance costs. 

[001 0] One embodiment of a process for directly con- 
verting post consumer PET flake materials to materials 
having relatively high average intrinsic viscosity (IV) val- 
ues provides resulting materials which are useful in con- 
nection with the fabrication of particularly desirable 



products, such as, for example, high performance strap- 
ping. High performance strapping exhibits increased 
weld strength. Weld strength is critically important in 
view of the fact that weld strength is often the weak link 
in strapping products. A weld strength value which is 
equal to 50% of the tensile strength of the strapping is 
considered normal for conventional or prior art high per- 
formance strapping. As a result of the processing tech- 
niques of the present invention, however, the tensile 
strength, and accordingly the weld strength, of the strap- 
ping produced has been able to be increased approxi- 
mately 30% with respect to the conventional or prior art 
high-performance strapping. 

[0011] In accordance with an embodiment of the 
present invention, the inventive process begins by ob- 
taining post consumer and non post consumer material 
containing PET. These materials may be obtained, for 
example, from strapping or material recovery facilities, 
and the materials have a relatively wide range of initial 
IV values, such as, for example, from 0.70 dl/g to 0.81 
dl/g. The PET materials usually contain a variety of im- 
purities, such as, for example, PVC, aluminum, polyeth- 
ylene, polypropylene, and paper. 
[0012] The PVC and aluminum materials are initially 
removed from the PET materials, and the PET materials 
are chopped into a heterogeneous mixture of flakes and 
chunks. As noted herein above, the material chunks are 
undesirable from the points of view of not being espe- 
cially useful in enhancing the IV values of the PET ma- 
terials, as well as adversely affecting the temperature 
level of the solid state polymerization process. In ac- 
cordance with the specific teachings of the present in- 
vention, it is therefore desirable to remove such material 
chunks from the batch or charge of PET materials and 
such a process step is achieved by using a suitable de- 
stoner or sorter which effectively removes or sorts all or 
a large percentage of the chunk or neck portions of the 
PET materials from the flake or wall portions of the PET 
materials as a result of the different thickness and den- 
sity properties of the chunk or neck portions of the PET 
materials as compared to similar properties character- 
istic of the flake or wall portions of the PET materials. 
As a result, essentially only desirable flakes or wall por- 
tions of the PET materials are further utilized within the 
solid state polymerization process so as to permit an en- 
hanced volume of favourable ordesirable PET materials 
to be processed, enhanced IV values of the processed 
PET materials is readily achieved, and the processing 
equipment is readily permitted to operate with a reduced 
amount of production downtime or production run inter- 
ruptions as a result of the elimination of any agglomer- 
ation or clumping of the PET materials due to the desir- 
ably proper control of the operative processing temper- 
atures. 

[0013] After separation of the undesirable chunk or 
neck portions of the PET materials from the batch or 
charge of PET materials which now contains or compris- 
es essentially only flake or wall portions of the PET ma- 



ts 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 0 994 146 A1 



6 



terials, the PET materials are pre-heated within a fluid 
bed type dryer or pre-heater so as to undergo a pre- 
heating stage at a temperature level of approximately 
315°F (158°C)and a time period of approximately 20-25 
minutes. As a result of such pre-heating process step, 5 
the PET materials are dried in view of molecular water 
having been removed therefrom. 
[0014] Subsequently, the PET flakes are now ready 
to enter the first stage of solid state polymerization, and 
accordingly, the PET flakes are placed into a hopper and 10 
heated in the absence of oxygen and in the presence of 
nitrogen until they reach a temperature level of between 
390°F and 430°F (199 and 221°C). 
[0015] After undergoing the first stage of solid state 
polymerization for approximately one hour or more, the is 
flakes are ready to enter the second stage of solid state 
polymerization, and accordingly, the heated flake mix- 
ture is removed from the hopper and placed within a bin 
in the absence of oxygen and in the presence of nitro- 
gen. The flakes are heated to a temperature level of ap- 20 
proximately 425° F (218°C) and remain in the bin for a 
time period of approximately four hours. 
[0016] Once the flakes have completed the first and 
second stages of solid state polymerization, the IV value 
of the resulting PET material has been increased to at 25 
least 0.90 dl/g, and to as high as 1.50 dl/g, with the av- 
erage IV value being approximately 0.95 dl/g. The PET 
flakes, having the enhanced IV values, can then be ex- 
truded through a suitable extruder so as to produce high 
performance strapping. The strapping produced by 30 
means of the process of the present invention, that is, 
utilizing PET flakes which have been directly subjected 
to solid state polymerization, which have not necessarily 
been subjected to intermediate peptization, and which 
have resulted in material having an enhanced average 35 
IV value of approximately 0.95 dl/g and a wide distribu- 
tion of IV values within the range of 0.90 dl/g to 1 .50 dl/ 
g, is therefore able to comprise high performance strap- 

p i ng which e xhib i t s good t e n si l e s tr e ngth, w e ld strength, 

and joint strength characteristics. In addition, the solid *o 
state polymerization process to which the flakes of the 
present invention are subjected only requires a fraction- 
al amount of the time that was previously required in 
connection with the prior art processing of the PET ma- 
terial pellets. As a result, in addition to the elimination 45 
of the substantially non-crystalline chunk segments or 
portions of the PET materials which enhances the flow 
through processing of the materials and operational ef- 
ficiency of the equipment without undergoing or experi- 
encing operational interruptions or production down- 50 
time, the economical processing efficiency of PET ma- 
terials, that is, the amount of time to process a particular 
batch or charge of PET material, is enhanced still fur- 
ther. 

[0017] A particular embodiment of a process in ac- 55 
cordance with this invention will now be described with 
reference to the accompanying drawings; in which:- 



FIGURES 1 A-1 C comprise a flow chart showing the 
various steps of the PET flake process of the 
present invention; 

FIGURE 2 is a flow chart of a nitrogen cycle portion, 
of the solid state polymerization (SSP) stage of the 
process of the present invention, including the use 
of a guard bed for HCI removal; and, 

FIGURE 3 is a graph showing the relationship be- 
tween the amount of PET material and the intrinsic 
viscosity (IV) for a starting* material and various re- 
sulting materials produced under different condi- 
tions. 

[0018] Referring now to the drawings, and more par- 
ticularly to FIGURE 1 A thereof, post consumer and non 
post consumer polyethylene terephthalate (PET) mate- 
rials are collected from any one or more of various dif- 
ferent sources, including, for example, material recov- 
ery facilities, and the materials are co-mingled into a het- 
erogeneous mixture. In addition to containing or com- 
prising polyethylene terephthalate (PET) materials, the 
mixture also usually contains various other materials, 
such as, for example, PVC, polypropylene, polyethyl- 
ene, aluminum, and the like, which are not desirable for 
use within the solid state polymerization (SSP) process- 
ing of the PET materials in accordance with the present 
invention. Accordingly, the PVC materials and alumi- 
num cans, for example, are initially removed from the 
PET materials by several means, such as, for example, 
appropriate or suitable cameras or sensors which can 
detect or distinguish, for example, PVC containers or 
bottles from PET containers or bottles, and in addition, 
operator personnel are also used to physically separate, 
for example, the aluminum cans and the like. 
[0019] The residual PET materials are then chopped 
into flakes and chunks so as to render such constituents 
or components suitable for further processing in accord- 
ance with the subsequent processing steps character- 
istic of the present invention. The flakes and chunks are 
respectively derived, for example, from wall portions 
and neck portions of plastic soft drink bottles, with the 
neck or chunk portions being thicker and denser than 
the wall or flake portions. The materials are then sub- 
jected to a flotation segregation process which serves 
to separate the polyethylene, polypropylene, and any 
paper material from the PET materials as a result of bulk 
density techniques whereby the polyethylene, polypro- 
pylene, and paper material components float to the top 
of the flotation apparatus while the PET materials sink 
to the bottom of the flotation apparatus. 
[0020] Subsequent to the flotation segregation 
processing step, the PET flake and chunk materials are 
subjected to a wash cycle within a suitable caustic so- 
lution so as to remove any dirt, grime, paper labels, liq- 
uid syrups, and the like from the materials. After com- 
pletion of the wash cycle, the chopped materials are 
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subjected to another flotation segregation or separation 
process whereby fines, or any residual papers which 
were not in fact removed as a result of the first flotation 
segregation process but which have been separated 
from the PET materials as a result of the caustic solu- 
tion, are removed from the cleansed PET materials. The 
cleansed materials are then deposited within a suitable 
dryer whereby the materials undergo a spin cycle not 
unlike that of a clothes washing machine, and subse- 
quently, the materials discharged from the spin dryer are 
passed through a metal separation stage or phase 
whereby suitable metal detectors are utilized to sepa- 
rate, for example, any chopped portions of aluminum 
cans, aluminum caps, or the like, which may have been 
initially co-mingled with the PET materials. The resulting 
PET materials are then boxed for shipping or deposited 
within suitable storage silos so that the same will be 
available when needed for actual processing in accord- 
ance with the solid state polymerization (SSP) process- 
ing of the present invention. 

[0021] The PET materials prepared in accordance 
with the foregoing process steps initially have a substan- 
tially wide intrinsic viscosity (IV) value range which in 
fact extends from a relatively low IV value of approxi- 
mately 0.60 dl/g to a relatively high IV value of approx- 
imately 0.80 dl/g, with the average initial IV value being 
approximately 0.70 dl/g as shown by curve A in FIGURE 
3. The reason for this range of IV values is due, for ex- 
ample, to the fact that different plastic soft drink bottles 
are manufactured by different bottle manufacturers us- 
ing different plastic materials. It is also to be appreciated 
still further that the initial mixture of PET materials can 
have IV values which may differ from those noted herein 
above depending upon the particular source of the ma- 
terials. It is possible, for example, to use recycled ma- 
terials, other than plastic soft drink bottles, which are 
characterized by relatively low IV values, or alternative- 
ly, to use recycled high performance strapping made ei- 
ther by prior art processes or by the process of the 
present invention whereby such strapping may exhibit 
average IV values of 0.90 dl/g or higher. In any case, in 
accordance with the various teachings of the present in- 
vention, it is possible to produce, from a heterogeneous 
mixture having a relatively wide or broad distribution of 
IV values of, for example, 0.60-0.80 dl/g and character- 
ized by a relatively low average IV value of, for example, 
0.70 dl/g, resultant materials which have a relatively 
wide or broad distribution of IV values of, for example 
0.70 dl/g to 1.50 dl/g and characterized by a relatively 
high average IV value of, for example, 0.95 dl/g as illus- 
trated by means of curve B shown in FIGURE 3. 
[0022] The precise curves and material results or 
characteristics will of course depend upon the initial in- 
put material characteristics and the particular process- 
ing parameters, and accordingly, curves C and D of FIG- 
URE 3 illustrate other resultant materials having rela- 
tively wide distributions of IV values with, however, dif- 
ferent average IV values, the different materials being 



produced as a result of different process residence 
times. It is therefore to be appreciated that in accord- 
ance with the processing techniques and parameters 
characteristic of the present invention, resulting solid 

5 state polymerized (SSP) material, having an average IV 
value of, for example, approximately 0.80-0.85 dl/g and 
useful or suitable for fabricating high-performance 
strapping exhibiting currently or conventionally accept- 
able quality and performance characteristics, can in fact 

fo be fabricated merely by reducing the residence time of 
the materials within the process. Accordingly, still fur- 
ther, and quite advantageously, high performance strap- 
ping exhibiting conventionally acceptable average IV 
values, and tensile strength and weld strength charac- 

15 teristics, can be manufactured faster and more econom- 
ically when ultrahigh-performance strapping, which can 
also be manufactured in accordance with the various 
processing techniques characteristic of the present in- 
vention and having an average IV value of, for example, 

20 1.15 dl/g, are not in fact required for particular applica- 
tions. 

[0023] As was noted herein above, the initial material 
comprising the charge or batch of material to be proc- 
essed is comprised of a heterogeneous mixture of flakes 

25 and chunks from which, at this stage of the process of 
the present invention, undesirable PVC, polypropylene, 
polyethylene, paper, and aluminum impurities have 
been segregated. It has been additionally determined 
or discovered, however, that from an economical and 

30 processing efficiency point of view, that the material 
chunk portions or segments of the batch or charge ma- 
terials are equally undesirable and should likewise be 
segregated and discarded from the solid state polymer- 
ization (SSP) process and the processing equipment. 

35 The reasons for this are several. 

[0024] Firstly, as has been noted herein above, the 
material chunk portions or segments of the batch or 
charge materials comprise essentially or substantially 
non-crystalline PET materials which react quite slowly, 

40 if at all, within the solid state polymerization (SSP) proc- 
ess in connection with the enhancement or build-up of 
the molecular weight or intrinsic viscosity (IV) values or 
properties of the PET materials being processed. Con- 
sequently, in order to in fact achieve the enhanced mo- 

45 lecular weight or IV values of the resulting or processed 
materials, it is desirable to maximize the percentage 
amount of crystalline PET materials, and to concomi- 
tantly minimize the percentage amount of non-crystal- 
line PET materials, within the batch or charge PET ma- 

50 terials undergoing the solid state polymerization proc- 
ess. 

[0025] Secondly, in view of the fact that the chunk ma- 
terial portions are essentially or substantially non-crys- 
talline PET materials, such materials will rapidly crystal- 
55 lize within the polymerization processing vessel thereby 
generating a significant amount of heat of crystallization. 
Such generated heat of crystallization can be large 
enough to undesirably raise the temperature level of the 
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process within the solid state polymerization vessel 
such that the PET materials disposed therein tend to be- 
come sticky and agglomerate together thereby forming 
clumps or material chunks which will tend to impede the 
flow of the materials within the polymerization vessel as 5 
well as to clog or jam the feeder or other operational 
components of the processing apparatus. 
[0026] In view of the foregoing, and in accordance 
with the specific teachings of the present invention, it 
has been discovered that the relatively thick and dense 10 
non-crystalline bottle neck or chunk portions or seg- 
ments of the charge or batch PET materials can be ef- 
fectively removed from the heterogeneous mixture of 
materials prior to entry of the mixture of materials into 
the solid state polymerization processing stages, and *5 
this step of the process can be achieved with a commer- 
cially available "destoner". Conventionally, such appa- 
ratus is currently used or designed to remove dense 
stones from low density grains or powders. The appa- 
ratus works upon vibrational and fluidization principles 20 
whereby the dense stones are effectively separated 
from the less dense grains or powders. 
[0027] However, it has been discovered that such ap- 
paratus is also useful in separating the thicker and dens- 
er bottle neck or chunk portions or segments of the PET 25 
materials from the thinner and less dense wall or flake 
portions or segments of the PET materials. An exem- 
plary destoner machine or apparatus that may be uti- 
lized within the process of the present invention is the 
FORSBERG G-4 Sorter or the FORSBERG P-6R Vac- 30 
uum Destoner, both of which are manufactured by the 
FORSBERG CORPORATION, MINNESOTA, USA, al- 
though of course, it is to be readily appreciated that other 
similar types of apparatus, which operate upon similar 
separating principles or techniques, can of course be 35 
utilized. 

[0028] Accordingly, with continued reference being 
made to FIGURE 1 A, after the PVC, polypropylene, pol- 
yethylene, paper, and aluminum impurities have been 
segregated from the charge or batch materials, and after *o 
the remaining charge or batch materials have been de- 
stoned so as to remove the PET material chunks or bot- 
tle neck portions therefrom, the flake materials are 
placed within a suitable fluid bed type pre-heater or dry- 
er so as to undergo a pre-heating stage. In the pre-heat- *s 
er or dryer, the PET flake materials are heated to a tem- 
perature level of approximately 315°F (158°C) and for 
a time period of approximately 20-25 minutes. The pur- 
pose of the pre-heating stage is essentially to dry the 
flake materials so as to remove molecular water there- 50 
from. 

[0029] The PET flakes are now ready for the first 
stage of the solid state polymerization process. It is 
known that the different thickness characteristics of di- 
mensions of different products or materials affects the 55 
time required to solid state the materials to a predeter- 
mined IV value, and as noted in the afore noted related 
parent patent application, the relatively thicker neck or 



chunk portions were slower to solid state than the rela- 
tively thinner wall or flake portions. The first stage of sol- 
id state polymerization comprises increasing the tem- 
perature of the charge or batch of PET materials, and 
in view of the fact that the chunk portions or materials 
have been previously removed from the flake portions 
or materials, the time required for processing the wall or 
flake portions or materials is relatively short whereby en- 
hanced processing efficiency, comprising the process- 
ing flow through of the flake or wall portions of the ma- 
terials, is able to be achieved. More particularly, the PET 
flakes are deposited within a hopper which comprises 
an oxygen free environment within which nitrogen is dis- 
bursed. The temperature of the materials is elevated to 
approximately 390°F to 430°F (119 to 221°C), and the 
flakes are continuously deposited into the hopper, and 
they continuously move through the hopper from the top 
of the hopper to the bottom of the hopper, during which 
time the materials experience a slight increase in their 
IV values. In accordance with one embodiment or ex- 
ample of practising the present invention process, this 
first stage of solid state polymerization took approxi- 
mately one hour. 

[0030] The heated PET flakes are now ready for the 
second stage of solid state polymerization. Accordingly, 
the flakes are removed from the preheating hopper and 
are continuously deposited into a bin. The heated PET 
flakes are retained within the bin for a processing time 
period of approximately four hours during which time the 
flakes travel from the top of the bin to the bottom of the 
bin, and the temperature level within the bin is in the 
range of 380°F to 425°F (115 to 218°C) in accordance 
with a nitrogen cycle which will be explained more fully 
hereinafter. As a result of such processing, the intrinsic 
viscosity (IV) value of the PET flakes, which was initially 
within the range of approximately 0.60 dl/g to 0.80 dl/g, 
increases substantially to an average IV value of ap- 
proximately 0.95 dl/g and with a wide distribution of IV 
values ranging from approximately 0.70 dl/g to 1 .5 dl/g 
as shown, for example, by means of curve B in FIGURE 
3. The heated, high intrinsic viscosity flakes may then 
be removed from the bin and fed directly to an extruder 
from which high performance strapping, having an IV 
value within the range of 0.80 to 1.0 dl/g, may be man- 
ufactured. 

[0031] The nitrogen cycle utilized within the second 
stage of solid state polymerization is more fully illustrat- 
ed in FIGURE 2 and comprises supplying pure nitrogen 
to the bottom of the bin and aspirating contaminants 
from the top of the bin. The nitrogen travels upwardly 
through the bin and through the flakes, and in so doing, 
the nitrogen reacts with the flakes so as to extract acetal- 
dehyde ethylene glycol, and hydrochloric acid (HCI). 
The nitrogen supplied or used within the nitrogen cycle 
may either be continuously supplied pure nitrogen or ni- 
trogen which has been derived from the cycle and puri- 
fied of the contaminants. If the latter option is chosen, 
the same nitrogen can of course be reused which 
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renders the process somewhat more economical. 
[0032] The contaminants can be removed from the ni- 
trogen in accordance with any one of several different 
techniques or processes. One way is through the des- 
iccant process formulated by BEPEX® . Another means 5 
is through removal of waste products by the catalytic ox- 
ygen process developed by BUHLER®. A still further 
manner for removing hydrochloric acid (HCI) from the 
nitrogen cycle is through the use of a lime bag filter ap- 
paratus which eliminates the HCI from the flow of gas. n> 
Yet another manner in which to remove the HCI from the 
nitrogen cycle is to conduct the gas through a water 
spray whereby the HCI is absorbed in the water slurry. 
A further endeavour may comprise the use of a guard 
bed of basic material as will be discussed more fully « 
hereinafter. 

[0033] The removal of the contaminants, and in par- 
ticular, the removal of the HCI, is important for several 
reasons. During the second stage of the solid state po- 
lymerization, the amount of HCI that is emitted is rela- 20 
tively small, however, the presence of the HCI may nev- 
ertheless cause problems within at least two areas or 
regions of the apparatus and process of the present in- 
vention, that is, in connection with catalytic activity, and 
also in connection with corrosion, especially when liquid 25 
water is or may also be present. HCI is known to deac- 
tivate a platinum catalyst, although the amount of such 
deactivation as might be encountered during practice of 
the present invention process, is not precisely known. 
Increased temperature can offset some of the catalyst 
deactivation but at an increased risk of sintering, that is, 
permanent deactivation, of the catalyst. Increasing the 
size of the catalyst bed is also an option for offsetting 
lower catalyst activity, however, this option increases 
catalyst costs, drops the pressure within the system, 
and may require additional blower capacity. In connec- 
tion with the corrosion problems, liquid water tends to 
absorb HCI from the passing gas stream and concen- 
trate the same to levels where corrosion rates become 
problematic. This condition appears to exist at a location 
after the condenser which cools the process stream and 
before the absorbent bed. 

[0034] In accordance then with various embodiments 
envisioned by the teachings of the present invention, as 
more specifically illustrated in FIGURE 2, and as noted 
briefly herein before, the problems of catalytic deactiva- 
tion and corrosion due to HCI reactions may be elimi- 
nated by removing the HCI from the process of the 
present invention as soon as possible by utilizing a 
guard bed of basic material. Such a guard bed may be 
added to the BUHLERG® line just before the catalyst 
bed, or alternatively, may be incorporated within the bag 
house filter assembly just after the solid state fluidized 
bed. In accordance with another embodiment, the guard 
bed may be placed after the bag house filter assembly 
so as to avoid plugging the same with PET particles. In 
accordance with still another embodiment, the relatively 
simpler BEPEX® design omits the catalyst bed, so con- 



sequently, the guard bed can be placed immediately af- 
ter the solid state fluidized bed or in the bag house filter 
assembly. In accordance with techniques employed in 
connection with placing the guard bed within the bag 
house filter assembly, the bag house filter can be coated 
with a basic solid, such as, for example, calcium oxide, 
lime, caustic soda, or bicarbonate, so as to neutralize 
the acid. In this case, the conventional filter bags would 
be replaced by those of the present invention. Still yet 
alternatively, the guard bed may also take the form of a 
spray chamber which sprays water or bicarbonate. 
[0035] With reference continuing to be made to FIG- 
URE 2, suitable monitors may also be incorporated with- 
in the processing line or system for detecting the levels 
of HCI present within the system or the various process- 
ing components thereof. The levels of HCI could occa- 
sionally rise due to the presence of PVC material within 
the solid state fluidized bed. A simple HCI monitor can 
comprise a small fluid stream of known flow rate into a 
scrubber-bubbler attached to an automated titration 
unit, and the consumption of bases or basic materials 
so as to maintain constant pH values would constitute 
a simple yet direct way to measure HCI levels. 
[0036] Due to the fact that steel or even stainless steel 
is likely to corrode at excessive rates when liquid water 
is in the presence of HCI or Cl 2 , the apparatus of the 
present invention may be constructed from alternatively 
viable construction materials, such as, for example, CP- 
PC, PP, or a steel having a corrosion resistant coating. 
The 13x molecular sieves used in the BEPEX® desic- 
cant process are also known to degrade in the presence 
of acids. Accordingly, a larger bed may have to be used 
so as to compensate for the lost drying capacity. The 
deterioration of the sieves may also produce powdered 
sieves. If this happens, the powder could be carried into 
the PET production materials and/or accumulate within 
the lower end of the desiccant vessel and thereby im- 
pede gas flow. In order to prevent this from occurring, a 
section of the production facility or plant could be pro- 
vided with suitable filters so as to filter out the generated 
powder materials and thereby prevent PET contamina- 
tion with the same, and easily accessible access ports 
could be provided within the bottom regions of the ap- 
paratus whereby cleaning of the facility is readily facili- 
tated. 

[0037] In accordance with still another embodiment, 
the nitrogen may be drenched, as the same passes 
through the fluidized bed with by-pass desiccant fumes. 
In any case, once the nitrogen has been purified of its 
contaminants by any one of the foregoing processes, 
the purified nitrogen can be conducted back into the bot- 
tom of the bin so as to undergo another nitrogen cycle. 
The process can be conducted either as a batch process 
or as a continuous process. One of the important factors 
in connection with the process of the present invention 
is that the nitrogen gas removes volatile polymerization 
reaction products, including ethylene glycol and other 
impurities, which can cause undesirable secondary re- 
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actions. If, for example, more than twenty parts per mil- 
lion of PVC is still contained within the flakes after the 
pre-heater stage, the flakes will produce HCI and de- 
grade the desiccant which is used to purify the nitrogen 
used in the second stage of the solid state polymeriza- 
tion (SSP) process. As such, the desiccant would have 
to be replaced more than once per year due to the re- 
actions between the HCI and the desiccant. 
[0038] As briefly noted herein above, after the flakes 
have passed through the hopper and bin structures of 
the first and second stages, respectively, of the solid 
state polymerization process, the flake products are re- 
moved from the bin of the second stage of the solid 
stage polymerization process and directly fed in a hot 
state to the feed hopper of the extruder from which the 
high performance strapping is to be produced. The feed- 
ing of the hot flake products or materials directly from 
the solid state polymerization second stage bin to the 
strap producing extruder is economically advantageous 
in that such processing conserves significant heat within 
the polymer materials and accordingly reduces the pow- 
er requirements per pound of polymer to be extruded. 
[0039] The degree of uniformity of the product result- 
ing from the process of the present invention is surpris- 
ing in view of the variety and relatively wide range of the 
intrinsic viscosity (IV) values of the initial materials. In 
addition, in view of the incorporation of the destoner or 
similar apparatus into the process of the present inven- 
tion, heating and solid state polymerization of the PET 
flakes proceeds readily, rapidly, and without any sub- 
stantial problems, such as, for example, agglomeration 
of the polymers, sticking of the polymers to the process- 
ing equipment, or degradation of the polymers, as is of- 
ten the case with pellets. An unexpected result achieved 
by means of the process of the present invention is the 
production of a product which has a relatively high av- 
erage IV value and which was obtained using materials 
having a wide range of relatively low initial IV values. 
Stated alternatively, an initially narrow range of IV val- 
ues is not in fact required in either the initial materials 
which will undergo the solid state polymerization proc- 
ess and which will be used to manufacture strapping, or 
in the final strapping itself so as to obtain high quality, 
high performance plastic strapping. 
[0040] Thus, it may be seen that the solid state po- 
lymerization process of the present invention advanta- 
geously leads to the production of high performance 
strapping in an economically desirable manner from 
both material flow-through and production downtime 
points of view, although obviously, many modifications 
and variations of the present invention are possible in 
light of the above teachings. For example, the precise 
operating or procedural parameters of the process of the 
present invention may be altered somewhat in order to 
achieve desired intrinsic viscosity (IV) values. Intrinsic 
viscosity increases with increased amounts of nitrogen 
gas, with increased temperature levels within the solid 
state polymerization stages, as well as with increased 



residence times within the solid state polymerization 
stages. It has also been determined that pre-heating the 
flakes to reaction temperature levels reduces the size 
of the bin necessary to effect solid state polymerization. 

5 In addition, it has been further determined that relatively 
thin flakes exhibit increased IV values much faster than 
pellets or relatively thick chunks, and they obtain high 
IV values, and most significantly or importantly, flakes, 
unlike pellets or chunks, are most desirable in view of 

10 the fact that the flakes do not become sticky or cause 
agglomeration either in the first or second stage of the 
solid state polymerization. Nevertheless, it is to be ap- 
preciated that the neck portions of, for example, the bot- 
tles or beverage containers from which the material 

15 chunks are derived are valuable or important compo- 
nents in that subsequent to the solid state polymeriza- 
tion processing of the PET flake components, the neck 
material chunk portions, along with recycled pellets that 
are not solid state polymerized, or low intrinsic value (IV) 

20 flakes may, as an alternative or option, be added to the 
solid state polymerized flakes as the latter are being fed 
into the extruder, as shown in FIGURE 1B, in order to 
adjust the resulting intrinsic value (IV) of the mixture be- 
ing fed into the extruder whereby the resulting strapping 

25 will have predetermined or particularly desired charac- 
teristics or parameters. 

[0041] It is also noted that oxygen is not added during 
either the pre-heat or solid state polymerization stages 
because the presence of oxygen will degrade and colour 
30 the polymers, nitrogen therefore being the preferred gas 
to be used in the solid state polymerization process be- 
cause it does not lead to the adverse effects that would 
be caused by oxygen. In addition, nitrogen is also eco- 
nomical and readily available. 

35 

Claims 

1. A process of forming a polyethylene terephthalate 
40 (PET) material mixture which is suitable for subse- 
quent processing, comprising the steps of: 

collecting diverse PET materials having a rela- 
tively wide distribution of intrinsic viscosity (IV) 
45 values; 

co-mingling said collected PET materials and 
reforming said co-mingled PET materials into a 
heterogeneous mixture of PET materials com- 
prising substantially crystalline flake segments 
50 and non-crystalline chunk segments; and 

removing said substantially non-crystalline 
chunk segments from said heterogeneous mix- 
ture of PET materials so as to leave substan- 
tially only said substantially crystalline flake 
55 segments within said heterogeneous mixture of 

PET materials such that when said heteroge- 
neous mixture of PET materials comprising 
substantially only said substantially crystalline 
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flake segments is processed further so as to in- 
crease said intrinsic viscosity (IV) values of said 
PET materials, the generation of a substantial 
amount of heat of crystallization within said 
processed mixture of said PET materials will be 5 
effectively prevented. 

2. A process according to Claim 1 , wherein: 

said intrinsic viscosity (IV) values of said col- 
lected PET materials are within the range of 0.60 10 
dl/g to 0.80 dl/g. 

3. A process according to claim 1 or 2, comprising the 
further step of: 

subjecting said heterogeneous mixture of *s 
PET material, comprising substantially only said 
substantially crystalline flake segments, to a solid 
state polymerization (SSP) process so as to form a 
heterogeneous PET material having an enhanced 
intrinsic viscosity (IV) value. 20 

4. A process according to Claim 3, wherein: 

said formed heterogeneous PET material has 
an average intrinsic viscosity (IV) value of at least 
0.90 dl/g and preferably has an intrinsic viscosity 25 
(IV) value range of 0.90 dl/g to 1 .5 dl/g. 



A process according to claim 3 or 4, further com- 
prising the step of: 

extruding said solid stated PET material so as 
to fabricate a high performance plastic strap. 



A process according to any one of the preceding 
claims, further comprising the steps of: 

identifying any PVC impurities found within said 
collected diverse PET materials; and, 
removing said identified PVC impurities prior to 
said reforming of said PET materials into said 
heterogeneous mixture of substantially crystal- 
line flake segments and noncrystalline chunk 
segments. 

A process according to any one of the preceding 
claims, wherein said solid state polymerization step 
comprises the steps of: 

incorporating a nitrogen cycle within said solid 
state polymerization; and, 
removing a majority of HCI contaminants, form- 
ing during said nitrogen cycle portion of said 
solid state polymerization step, by passing the 
nitrogen present within said nitrogen cycle, and 
including said HCI contaminants, through a 
guard bed of basic material. 

A heterogeneous mixture of polyethylene tereph- 
thalate (PET) material which is suitable for subse- 
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quent processing, comprising: 

a mixture of heterogeneous PET material hav- 
ing a relatively wide distribution of intrinsic vis- 
cosity (IV) values and derived from an initial 
mixture comprising substantially crystalline 
flake segments and substantially non-crystal- 
line chunk segments from which said substan- 
tially non-crystalline chunk segments have 
been removed such that said mixture compris- 
es substantially only said substantially crystal- 
line flake segments, 

whereby when said heterogeneous mixture of 
said PET materials comprising substantially 
only sa id substantially crystalline flake seg- 
ments is processed further so as to in crease 
said intrinsic viscosity (IV) values of said PET 
materials, the generation of a substantial 
amount of heat of crystallization within said 
processed mixture of said PET materials will be 
effectively prevented. 

9. A heterogeneous solid stated polyethylene tereph- 
thalate (PET) material for use in making high per- 
formance strapping, comprising: 

a mixture of heterogeneous PET material 
having a relatively wide distribution of intrinsic vis- 
cosity (IV) values, derived from an initial mixture 
comprising substantially crystalline flake segments 
and substantially non-crystalline chunk segments 
from which said substantially non-crystalline chunk 
segments have been removed such that said mix- 
ture comprises substantially only said substantially 
crystalline flake segments, and solid stated directly 
while in said heterogeneous mixture state so as to 
increase said intrinsic viscosity (IV) values without 
generating a substantial amount of heat of crystal- 
lization. 

10. A heterogeneous solid stated polyethylene tereph- 
thalate (PET) material as set forth in Claim 9, 
wherein: 

said solid stated PET material has an intrinsic 
viscosity (IV) value range of 0.90 dl/g to 1.5 dl/ 
g; and/or wherein: 

said intrinsic viscosity (IV) values of said mix- 
ture of PET materials are within the range of 
0.60 dl/g to 0.80 dl/g. 
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